Background The modified Dunn procedure has the potential to restore the anatomy in hips with slipped capital femoral epiphyses (SCFE) while protecting the blood supply to the femoral head and minimizing secondary impingement deformities. However, there is controversy about the risks associated with the procedure and mid-to long-term data on clinical outcomes, reoperations, and complications are sparse. Questions/Purposes Among patients treated with a modified Dunn procedure for SCFE, we report on (1) hip pain and function as measured by the Merle d'Aubigné and Postel score, Drehmann sign, anterior impingement test, limp, and ROM; (2) the cumulative survivorship at minimum 10-year followup with endpoints of osteoarthritis (OA) progression (at least one Tönnis grade), subsequent THA, or a Merle d'Aubigné and Postel score \ 15; (3) radiographic anatomy of the proximal femur measured by slip angle, a angle, Klein line, and sphericity index; and (4) the risk of subsequent surgery and complications. Methods Between 1998 and 2005, all patients who presented to our institution with SCFE were treated with a modified Dunn procedure; this approach was applied regardless of whether the slips were mild or severe, acute or chronic, and all were considered potentially eligible here. Of the 43 patients (43 hips) thus treated during that time, 42 (98%) were available for a minimum 10-year followup (mean, 12 years; range, 10-17 years) and complete radiographic and clinical followup was available on 38 hips (88%). The mean age of the patients was 13 years (range, 9-18 years). Ten hips (
limp, and ROM; (2) the cumulative survivorship at minimum 10-year followup with endpoints of osteoarthritis (OA) progression (at least one Tönnis grade), subsequent THA, or a Merle d'Aubigné and Postel score \ 15; (3) radiographic anatomy of the proximal femur measured by slip angle, a angle, Klein line, and sphericity index; and (4) the risk of subsequent surgery and complications. Methods Between 1998 and 2005, all patients who presented to our institution with SCFE were treated with a modified Dunn procedure; this approach was applied regardless of whether the slips were mild or severe, acute or chronic, and all were considered potentially eligible here. Of the 43 patients (43 hips) thus treated during that time, 42 (98%) were available for a minimum 10-year followup (mean, 12 years; range, 10-17 years) and complete radiographic and clinical followup was available on 38 hips (88%). The mean age of the patients was 13 years (range, 9-18 years). Ten hips (23%) presented with a mild, 27 hips (63%) with a moderate, and six hips (14%) with a severe slip angle. Pain and function were measured using the Merle d'Aubigné and Postel score, limp, ROM, and the presence of a positive anterior impingement test or Drehmann sign. Cumulative survivorship was calculated according to the method of Kaplan-Meier with three defined endpoints: (1) progression by at least one grade of OA according to Tönnis; (2) subsequent THA; or (3) a Merle d'Aubigné and Postel score \ 15. Radiographic anatomy was assessed with the slip angle, Klein line, a angle, and sphericity index. Results The Merle d'Aubigné and Postel score improved at the latest followup from 13 ± 2 (7-14) to 17 ± 1 (14-18; p\0.001), the prevalence of limp decreased from 47% (18 of 38 hips) to 0% (none in 38 hips; p \ 0.001), the prevalence of a positive Drehmann sign decreased from 50% (nine of 18 hips) to 0% (none in 38 hips; p \ 0.001),
Introduction
In situ fixation has been the most commonly performed treatment in hips with slipped capital femoral epiphyses (SCFE) [49] . Although this procedure allows for stabilization of the epiphysis, it does not correct the residual deformity of the proximal femur. Secondary impingement deformities after SCFE can result in early joint degeneration, loss of hip function, and premature osteoarthritis (OA) [12, 13, 41] . Even a mild or stable slip can result in impingement and the development of OA [2, 42, 60, 73] . Although the deformity after severe slips leads to abutment of the metaphysis to the acetabular rim and labrum (impaction-type impingement), the cam-type asphericity after mild slips can enter the joint in flexion resulting in cartilage delamination (inclusion-type impingement) [34] . Historically, surgical methods of epiphyseal realignment have been associated with a high number of complications including the devastating avascular necrosis of the epiphysis [6, 25, 32, 65, 72] . The modified Dunn procedure offers the potential to restore the anatomy of the proximal femur and impingement-free ROM while securing epiphyseal perfusion. It was first performed at our institution in 1998 [44, 61, 76] . The modification compared with Dunn's original description [19, 20] includes surgical dislocation [26] of the hip combined with the development of the soft tissue retinacular flap [27] including the branches for epiphyseal perfusion. The technique allows anatomic reduction under visual control of the epiphyseal vascularity.
A subset of 30 hips (30 patients) following the modified Dunn procedure performed at our institution showed promising results at a mean followup of 5 years without the risk of avascular necrosis [76] . However, others have reported on an increased risk of avascular necrosis after this procedure [54, 56, 62, 70] and the risks associated with this procedure remain controversial. In addition, mid-to long-term data on clinical outcomes, reoperations, and complications are sparse. Therefore, we were interested in the mid-to long-term results, potential benefits, and complications of the modified Dunn procedure performed at the originator's institution.
We therefore evaluated (1) hip pain and function as measured by the Merle d'Aubigné and Postel score, Drehmann sign, anterior impingement test, limp, and ROM; (2) cumulative survivorship at minimum 10-year followup with endpoints of OA progression (Tönnis grade), subsequent THA, and a Merle d'Aubigné score \ 15; (3) radiographic anatomy of the proximal femur measured by slip angle, a angle, Klein line, and sphericity index; and (4) risk of subsequent surgery and complications in hips undergoing the modified Dunn procedure for SCFE.
Patients and Methods
We evaluated the minimum 10-year survivorship of the first 43 patients (43 hips) who underwent the modified Dunn procedure [76] for SCFE at our institution. Thirty patients (30 hips [70%]) were part of a previous study investigating the minimum 3-year results [76] . Between 1998 and 2005, all patients who presented to our institution with SCFE were treated with a modified Dunn procedure; this approach was applied regardless of whether the slips were mild or severe, acute or chronic, and all were considered potentially eligible here. The mean age at operation was 13 ± 2 (range, 9-18) years and 23 patients (23 hips [53%]) were male (Table 1) . Five patients (five hips [12%]) presented with an unstable hip according to Loder [45] . A majority of 27 hips (63%) presented with a moderate slip angle according to Southwick [63] ranging from 30°to 60°. Ten hips (23%) presented with a mild slip angle of less than 30°and six hips (14%) with a severe angle exceeding 60°. Twenty-five hips (58%) had an acute or acute on chronic slip ( ) declined to return for clinical and radiographic examination; therefore, only mailed questionnaires and telephone interviews were available at the 10-year followup for these patients. These four patients (four hips [9%]) had a radiographic followup between 5 and 8 years after surgery with no signs of OA or avascular necrosis. These hips were excluded from the clinical 10-year results. The local institutional review board approved this retrospective case series.
The operative technique of the modified Dunn procedure has been previously described [27, 43, 44] . Briefly, the patient was placed in a lateral decubitus position and the surgical dislocation of the hip with an osteotomy of the greater trochanter was performed [26] . An extended retinacular soft tissue flap [27] was developed to preserve the blood supply to the femoral head. The capital epiphysis was first completely separated from the femoral neck, which allows full exposure of the femoral neck and visualization of the posteroinferior callus formation on the neck. This callus formation has to be removed completely so as not to create a fulcrum and tension on the terminal branches of the medial femoral circumflex artery after reduction of the epiphysis [43] . While manually stabilizing the femoral head, the remaining physis of the femoral head was removed with a burr or curette [43] . After gentle reduction of the femoral head back onto the femoral neck, the femoral head was stabilized using a threaded wire inserted in an anterograde manner through the fovea capitis [43, 76] . In addition, the femoral head was stabilized with a second threaded wire placed in a distal to proximal direction under fluoroscopic guidance [43, 76] . In the period in question, the first seven of 43 hips (16%) had stabilization of the epiphysis using 3.5-mm cortical screws. Because screw breakage occurred in four hips of these seven hips (57%), stabilization in the following cases was performed using threaded wires (with breakage in one of 36 hips [3%]). Epiphyseal perfusion was checked on a regular basis before and after reduction of the epiphysis using a 2-mm drill hole to observe bleeding. In selected hips in the current series, a laser Doppler flowmetry probe was used additionally to check epiphyseal perfusion [58] . In all but one hip epiphyseal perfusion could be confirmed. In one hip with an unstable slip, epiphyseal perfusion could not be confirmed using a drill hole and laser Doppler flowmetry following the modified Dunn procedure and epiphyseal realignment ( Fig. 1) [58] . At revision surgery 2 months later for wire breakage, epiphyseal perfusion was reassessed and a normal signal could be recorded (Fig. 1) . At 14.5-year followup, this patient showed union of the epiphysis without avascular necrosis or THA (Fig. 1) .
Clinical evaluation at most recent followup was performed by two of the authors (MM, TDL, both not involved in the surgical care of the patients) in 38 patients [47] , ROM [33, 48, 74] , the Merle d'Aubigné and Postel score [38] , and the Drehmann sign in patients with SCFE [36] .
We calculated survival rate at the 10-year followup and defined failure if any of the following occurred: conversion to THA, progression of OA by at least one grade according to Tönnis [68] , or a Merle d'Aubigné-Postel score of \ 15 at most recent followup. The four hips (four patients [9%]) that had only questionnaire and telephone followup at 10-year followup were considered as surviving hips because they did not show signs of OA at most recent followup ranging from 5 to 8 years. These four patients did not undergo conversion to THA and presented with good to excellent clinical results at most recent followup (Merle d'Aubigné-Postel score ranging between 15 and 18, Harris hip score between 81 and 95, and WOMAC score between 0 and 10). These clinical results make OA progression very unlikely.
Radiographic evaluation included an AP pelvis radiograph and cross-table lateral or Lauenstein view. Slippage of the epiphysis was quantified using the slip angle [63] and the intactness of the Klein line [39] . Femoral head- neck offset was evaluated with the a angle [51] in the AP and axial view. Sphericity at followup was quantified with the sphericity index [64] (ratio of minor to major axis of the ellipse drawn to best fit the femoral head). In addition, the neck shaft angle and nine standardized radiographic parameters to evaluate the radiographic anatomy of the acetabulum were assessed. The radiographic parameters were assessed by one observer (TDL; not involved in the surgical care of the patients) with the help of previously developed and validated computer software Hip 2 Norm (University of Bern, Bern, Switzerland) [66, 67, 75] . OA was graded according to Tönnis [68] .
Subsequent surgical procedures and complications were summarized using medical chart review. Complications were graded according to Sink et al. [59] (an adapted Dindo-Clavien classification [14, 17] for orthopaedic surgery). Grade I complications require no treatment, have no clinical relevance, and no deviation from routine followup. Grade II complications require deviation from the normal postoperative course and outpatient treatment. Grade III complications require surgical or radiologic interventions or an unplanned hospital admission. Grade IV complications are life-threatening or have the potential for permanent disability. Death is a Grade V complication [14, 17, 59] . Grade 1 complications were not included as a result of the retrospective nature of the study.
Normal distribution of all continuous parameters was tested with the Kolmogorov-Smirnov test. Because most parameters were not normally distributed, we only used nonparametric tests. Clinical results at followup were compared with the preoperative status and the contralateral hip using the Wilcoxon test and the Mann-Whitney U-test, respectively. We tested differences for radiograph results among the preoperative, postoperative, and followup using the Friedman test for continuous variables. If differences existed, pairwise comparison was performed with the Wilcoxon test. Binominal data were compared using the chi square or Fisher's exact tests. Cumulative survivorship was calculated according to with the endpoints defined as conversion to THA, progression of at least one grade of OA according to Tönnis [68] , or a Merle d'Aubigné score \ 15. Differences among survivorship curves (mild, moderate, and severe slip) were compared using the log-rank test. Statistical analysis was performed using Winstat software (R. Fitch Software, Bad Krozingen, Germany).
Results
Hip function was improved and pain was decreased at latest followup in hips following the modified Dunn procedure for SCFE. No difference was found in comparison to the contralateral hip without SCFE at followup (Table 2 ). In hips with SCFE and the modified Dunn procedure, the Merle d'Aubigné and Postel score improved from preoperatively 13 ± 2 (7-14) to 17 ± 1 (14-18; p \ 0.001) at latest followup, the prevalence of limp decreased from 47% (18 of 38 hips) to 0% (none in 38 hips; p \ 0.001), the prevalence of a positive Drehmann sign decreased from 50% (nine of 18 hips) to 0% (none in 38 hips; p \ 0.001), flexion improved from 58°± 32°( 10°-100°) to 104°± 12°(70°-120°; p = 0.003), and internal rotation improved from 6°± 8°(0°-25°) to 32°± 15°(5°-60°; p\0.001). At followup, no difference existed between the hip after the modified Dunn procedure and the contralateral asymptomatic side with prophylactic pinning for the Merle d'Aubigné and Postel score, prevalence of limp, prevalence of a positive anterior impingement test, prevalence of a positive Drehmann sign, or ROM (Table 2) .
Using the three endpoints defined as OA progression, conversion to THA, or a Merle d'Aubigné score \ 15, the cumulative 10-year survivorship was 93% (95% confidence interval [CI], 85%-100%) (Fig. 1) . At the latest followup, seven of 43 hips (16%) reached at least one of the three endpoints: four hips showed progression of OA (Fig. 2) , three patients had a Merle d'Aubigné score \ 15, and none underwent conversion to THA. Four of these endpoints Fig. 2 The cumulative 10-year survivorship was calculated according to Kaplan-Meier [37] using the three endpoints: conversion to THA, progression of OA according to Tönnis [68] , or a Merle d' Aubigné score \ 15 points at followup. The overall cumulative 10-year survivorship was 93% (95% CI, 85%-100%). We found no difference in survivorship among hips with a mild slip (100%; 95% CI, 100%-100%), moderate slip (92%; 95% CI, 82%-100%), or a severe slip (86%; 95% CI, 60%-100%; p = 0.311). 43 (43) 43 (43) 38 ( were reached after more than 10 years after the initial operation. No difference in survivorship existed among hips with a mild slip (100%; 95% CI, 100%-100%), moderate slip (92%; 95% CI, 82%-100%), or severe slip (86%; 95% CI, 60%-100%; p = 0.311; Fig. 2) .
Following the modified Dunn procedure, the radiographic anatomy of the proximal femur in hips with SCFE was improved in the vast majority (Table 3 ). The slip angle improved from 43°± 17°(15°-80°) to 9°± 10°(À15°to 30°; p\0.001), the a angle in the axial or Lauenstein view decreased from 84 ± 14 (59-104) to 48 ± 14 (23-87; p \ 0.001), the a angle in the AP view decreased from 70 ± 15 (38-94) to 49 ± 9 (37-68; p \ 0.001), and the proportion of hips with a positive Klein line decreased from 58% (25 of 43 hips) to 0% (none of 43 hips). Postoperatively, the sphericity index of the femoral head was at least 80% (mean 93% ± 0.07% [80%-98%]).
Subsequent surgical procedures were performed in 14 of 43 hips (33%) and complications occurred in four of 43 hips (9%; Table 4 ). Subsequent procedures included nine hips (21%) undergoing screw removal, four hips (9%) with open offset correction, and two hips (5%) with combined open offset correction and acetabular rim trimming (Table 4 ). All five hips (12%) with complications were graded Grade 3 according to Sink et al. [59] (complication requiring reoperation without potential of permanent disability). They were performed for breakage of screws or wires for epiphyseal fixation in four hips (9%) requiring additional fixation or pseudarthrosis of the greater trochanter after breakage of the trochanteric screws in one hip (2%) requiring reosteosynthesis (Table 4 ). All epiphyseal refixations and the trochanteric osteotomy ultimately healed. Using plain radiographs, no signs of avascular necrosis were observed in any hip during followup.
Discussion
In situ fixation has been the most commonly performed treatment in hips with SCFE [49] . It offers control for physeal instability; however, it is not used for correction of a secondary deformity and the resulting femoroacetabular impingement in hips with SCFE [49] . Even a mild slip can result in impingement and the development of OA [2, 42, 49, 60] . Historically, surgical methods of realignment have been associated with a high number of complications [3, 7, 9-11, 24, 40, 50, 55, 57] with the risk of avascular necrosis reportedly ranging up to 54% [28] ( Table 5 ). The modified Dunn procedure with realignment of the epiphysis offers the potential to restore the anatomy of the proximal femur and impingement-free ROM. In addition, this procedure allows to control the epiphyseal vascularity and to restore epiphyseal perfusion. Early Table 3 . results showed promising results [61, 76] . However, no long-term reports for this procedure have been published. At 10-year followup, we found improved hip function and decreased pain in hips after the modified Dunn procedure for SCFE compared with the preoperative status. The Merle d'Aubigné and Postel score, flexion, and internal rotation were increased and the prevalence of limp or a positive Drehmann sign decreased (Table 2) . No difference existed compared with the contralateral side without epiphyseal slippage and prophylactic pinning ( Table 2 ). In 93% of the hips at the 10-year followup, we found a good to excellent result with no progression of OA. Postoperatively, the radiographic anatomy of the proximal femur was improved in the vast majority of hips. Five hips (12%) had complications requiring refixation of the epiphysis or reosteosynthesis of the greater trochanter (Table 4) . Offset correction was performed in six hips (14%). No hip showed signs of avascular necrosis at latest followup. The study has several limitations. First, there is a lack of a control group with different treatments, and so our results can only be compared with those published by others (Table 5) . Second, the clinical evaluation was done by different observers preoperatively and at followup as a result of the retrospective design and a long span of followup. However, substantial inter-and intraobserver agreement has been reported for the Merle d'Aubigné and Postel score [38] , anterior impingement test [47] , Drehmann sign in patients with SCFE [36] , and ROM [33, 48, 74] . Therefore, we believe this issue is unlikely to have biased our clinical results to a relevant degree. Third, the preoperative testing of the anterior impingement test, Drehmann sign, or ROM is not advocated in unstable slips and, therefore, these data were missing. We compared the clinical results at 10-year followup to the asymptomatic, contralateral side with prophylactic pinning. However, this could have biased the comparison because the contralateral hip is more likely to have an altered morphology as a result of a potential silent slip. Fourth, all hips with SCFE during the period in question were treated with the modified Dunn procedure independent of the amount of slippage. Current treatment options at our clinic include in situ pinning with arthroscopic offset improvement in hips with a minimal slip (slip angle \ 15°). Decision-making is based on a preoperative hip MRI with radial slices to quantify the amount of slippage. At the period in question all hips with SCFE underwent the modified Dunn procedure including those with a minimal slip. Therefore, the results with today's indication for the modified Dunn procedure could be somewhat inferior because hips with a minimal slip (associated with superior clinical results and a decreased rate of complications) would no longer be included. Next, one of 43 patients (one hip [2%]) was not available for a minimum 10-year followup. This patient had a good clinical result and no signs of avascular necrosis on the AP radiograph 6 years postoperatively; therefore, it is unlikely that he would have developed avascular necrosis at the 10-year followup. Last, we did not screen for avascular necrosis using MRI. However, all hips had confirmed epiphyseal perfusion checked intraoperatively with a drill hole and in selected cases with an additional laser Doppler flowmetry probe. The missing signs of avascular necrosis on the conventional radiograph at the long-term followup give reassurance that no hip developed avascular necrosis.
In the current series, hip function was improved and pain was decreased 10 years after the modified Dunn procedure (Fig. 3) . No difference was found compared with the asymptomatic hip with prophylactic pinning (Table 2) . These results are in line with reported results for the modified Dunn procedure showing improvement in clinical scores, flexion, and internal rotation at a mean 3-year followup [46] . Others reported on a minimal flexion of 90°in all hips and an excellent result (defined as a Harris hip score [29] exceeding 95 points) in 93% of hips following the modified Dunn procedure at the 4-year followup [35] . Comparing the modified Dunn procedure with in situ pinning in hips with severe and stable slips showed superior clinical results (using the Heyman and Herndon classification [30, 31] ) for the modified Dunn procedure at an early followup of 2.5 years [52] . In a previously published subset of 30 hips from the current series, a comparable result for the Merle d'Aubigné-Postel score (average, 18; range, 17-18) was found at the mean 5-year followup [76] . In the same study, no difference was found for the Merle d'Aubigné-Postel score between the operated Reosteosynthesis of the greater trochanter (number/% of all hips) 1/2 3 Table 5 . I: None II: None III: 5% Table 5 . 
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Southwick (1967) [63] Intertrochanteric OT (Southwick) 27 (26) 12 ( Intertrochanteric OT (Southwick) 29 (27) hip and the asymptomatic hip with prophylactic pinning [76] . At the 10-year followup, the cumulative survivorship free from arthritis progression, conversion to THA, or a Merle d'Aubigné score \ 15 was 93% (95% CI, 85%-100%; Fig. 2) . No difference was found in survivorship among hips with mild, moderate, or severe slips (Fig. 2) . Four hips (9%) showed progression of OA between 10 and 17 years followup in the current study (Fig. 4) . Others have reported comparable results with 3% of OA at a mean 13-year followup using the original Dunn reduction procedure in a publication of its originator [10] . Using the cuneiform neck osteotomy, OA at a mean 13-year followup was found in 9% of the hips [21] . Most reports with a minimal 10-year followup after surgical treatment of hips with SCFE showed an increased percentage of hips with OA compared with the current series. After in situ pinning, 38% to 39% of hips had reported progression of OA at a mean followup of 11 and 31 years [8, 9] . With increasing severity of the slip, the percentage of hips with OA increased from 33% in mild slips to 41% in moderate slips and 60% in severe slips [9] . Hips after subcapital or neck osteotomies showed OA in 40% to 45% of hips at a mean followup ranging from 10 to 16 years [6, 71, 72] . With an osteotomy at the intertrochanteric level, the percentage of hips with OA was increased and ranged from 37% to 70% at a mean followup from 10 to 24 years [6, 24, 57] . No hip in the current study converted to THA at a minimum 10-year followup. Most studies reporting on the modified Dunn procedure at a mean followup from 1 to 5 years (Table 5) did not report on conversion to THA except in two studies [52, 56] . In these two studies, each study reported one hip converting to THA at short-term followup of 2 years (percentage of conversion to THA of 2% and 7%) [52, 56] . With a minimal 10-year followup, other studies reported on a rate of conversion to THA after subcapital osteotomies ranging from 1% to 11% [6, 10, 50, 71, 72] (mean followup ranging from 10 to 16 years) and from 0% to 13% for intertrochanteric osteotomies (mean followup ranging from 19 to 24 years) [24, 57, 69] . Carney et al. [12] evaluated several surgical treatments for hips with SCFE including in situ pinning and hips without surgical treatment and found a conversion to THA in 37% at a mean followup of 41 years. The decreased percentage of hips with OA and the lack of hips with conversion to THA in the current series at a minimum 10-year followup support the concept that correction of the residual deformity after SCFE and elimination of impingement would result in decreased degenerative changes.
Normal radiographic anatomy of the hip could be restored in the majority of the hips after the modified Dunn procedure in the current series (Fig. 4) . Improvements in None Continuous values are expressed as mean ± SD and range in parentheses; *stable and unstable was graded according to Loder [48] and mild, moderate. and severe slip according to Southwick [69] ; osteoplasty of the femoral head-neck (Heyman-Herndon procedure [31] ) with epiphysiodesis; SCFE = slipped capital femoral epiphyses; AVN = avascular necrosis of the femoral head; the slip angle, a angle, and the percentage of an intact Klein's line (Table 3) indicate the potential for deformity correction of the modified Dunn procedure. Largely normal-appearing hip morphology after a modified Dunn procedure was uniformly reported for the slip angle [35, 54, 56] and the a angle [54] . Despite a described potential for remodeling [53] , in situ pinning for moderate to severe slips has been shown to leave the hip with residual cam deformities and compromised hip function [13, 52] . At a mean 22-year followup after in situ pinning, 80% of the hips presented with a pistol grip deformity [13] . Normalappearing hip morphology was reported after subcapital osteotomy for the slip angle for severe SCFE [23] and after in situ pinning for mild SCFE for the a angle on crosstable radiographs [22] . However, the mean a angle on AP radiographs (mean, 86°; range, 55°-99°) was increased and a reduced or absent head-neck ratio was found in 63% (10 of 16 hips) 14 years after in situ pinning [22] . The rate of subsequent surgery and complications in the current series (Table 4) is comparable to that found in the literature for the modified Dunn procedure (Table 5 ). The rate of revision surgery resulting from hardware failure of epiphyseal fixation (9% in the current series; Table 4) ranged from 7% to 15% [35, 52, 56, 76] . In addition, an increased risk of implant breakage of 20% was found for the use of cortical screws compared with threaded wires not showing any breakage [35, 56] . The rate of subsequent surgery for improvement of secondary deformities and impingement (14% in the current series; Table 4 ) ranged from 0% to 16% [35, 46, 52, 56, 61, 70, 76] . With the hips available in the current series we found no avascular necrosis following the modified Dunn procedure. In contrast to our results, all but one author [76] reported on the risk of avascular necrosis after the modified Dunn procedure with a wide range from 3% to 29% [35, 46, 52, 54, 61, 62, 70] (Table 5) . Possible explanations for this difference could be the increased percentage of mild and stable slips in the current series, no previous interventions, or the long experience with hip-preserving surgery at the current institution. Generally, hips following the modified Dunn procedure showed no increased risk of avascular necrosis compared with other surgical treatments ( Table 5 ). After in situ pinning, the rate of avascular necrosis ranged from 0% to 13% [4, 5, 8, 11, 40, 41, 50] with the highest value of 43% for pinning in unstable hips only [62] . Hips with epiphyseal realignment using a neck or subcapital osteotomy without surgical hip dislocation or the development of a retinacular soft tissue flap showed the highest risk of avascular necrosis with a rate up to 54% (Table 5) [1, 3, 6, 7, 10, 11, 16, 21, 23, 25, 28, 32, 40, 50, 65, 71, 72] . Extracapsular corrections at the intertrochanteric level showed a decreased risk of avascular necrosis ranging from 0% to 6% (Table 5) [6, 11, 24, 50, 57, 63, 69] . are shown. This is the very first patient treated with a modified Dunn procedure at our institution; the body mass index at the time of operation was 26 kg/m 2 and the patient did not adhere to strict restricted weightbearing. Final outcome was favorable with a wellfunctioning hip and a Harris hip score of 91 points at 16-year followup.
In conclusion, the modified Dunn procedure successfully restored hip anatomy and hip function in the majority of hips in this series, which were predominantly stable, moderate, to severe SCFEs. At a mean 12-year followup, no hip showed avascular necrosis or conversion to a THA. The cumulative 10-year survival rate was 93% free from progression of OA, conversion to THA, or poor clinical outcome. Capital realignment in this patient group led to restoration of the proximal femoral anatomy and improved hip function. However, residual deformities can persist and subsequent surgical improvement might be needed. Surgical hip dislocation with the development of a retinacular soft tissue flap allows to control the epiphyseal vascularity and restore epiphyseal perfusion in hips with SCFE. The results confirm that a slipped capital epiphysis can be realigned and fixed safely with no substantial risk for avascular necrosis when performed correctly, at the same time reducing the underlying deformity. We are aware that some have reported less favorable results regarding avascular necrosis with this surgical technique. [46, 56, 62, 70] . However, we are positive that extensive experience with surgical hip dislocation and development of the retinacular flap combined with a profound knowledge of the vascular anatomy of the femoral epiphysis and a meticulous surgical technique will lead to reproducible results. If these prerequisites are not given, we recommend temporary in situ pinning of hips with SCFE followed by immediate referral to a center of expertise in hip-preserving surgery. Restoration of the original anatomy is the goal to avoid subsequent early hip degeneration, pain, and the need for THA in young and active patients with SCFE.
